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(54) HYDROGEN PRODUCTION APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make compatible the 
improvement of startability and the improve ment of 
operation efficiency with each other in a hydrogen 
production apparatus. 

SOLUTION: This apparatus for reforming a starting 
material, such as an alcohol, to produce a hydrogen-rich 
gas is constructed as follows. A partial oxidation reactor 
10, into which a starting material is sprayed by a sprayer 
1 1 and which produces hydrogen by a partial oxidation 
reaction, is provided. The partial oxidation reactor 10 
includes a vaporizing chamber 14 which vaporizes the 
starting material by utilizing heat generated in the partial 
oxidation reaction. The vaporized starting material is 
applied to a reaction in an autothermal reactor 20 
provided in parallel to the partial oxidation reactor 10. The provision of the partial oxidation 
reactor 10 having excellent startability and the autothermal reactor 20 having excellent 
operation efficiency in parallel to each other can utilize the advantages of the respective 
reactors and can make improvement of the startability and the operation efficiency compatible 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] refining of a predetermined raw material - hydrogen - with the partial oxidation reactor 
which is hydrogen generation equipment which generates rich gas, and generates hydrogen by the partial 
oxidation reaction of said raw material The sprayer which sprays said raw material on said partial 
oxidation reactor, and the steam-reforming reactor which carries out steam reforming of said some of 
raw materials [ at least ], and generates hydrogen, While connecting to juxtaposition the evaporation 
feed zone which evaporates said raw material and water and is supplied to said steam-reforming reactor 
with the heat produced with said partial oxidation reactor, and said partial oxidation reactor and a steam- 
reforming reactor Hydrogen generation equipment equipped with the hydrogen exhaust pipe which joins 
and discharges the hydrogen generated in both. 

[Claim 2] It is hydrogen generation equipment which is hydrogen generation equipment according to 
claim 1, and is arranged in the shape of [ to which said partial oxidation reactor and said steam- 
reforming reactor make one side as an inner tube, and make another side an outer tube ] a double pipe. 
[Claim 3] It is hydrogen generation equipment equipped with the carbon monoxide clarification section 
which it is hydrogen generation equipment according to claim 1 or 2, and said hydrogen exhaust pipe 
summarizes the concentration of the carbon monoxide discharged from the both sides of said partial 
oxidation reactor and said steam-reforming reactor, and decreases. 

[Claim 4] It is hydrogen generation equipment which equips a unification [ with the gas from said 
steam-reforming reactor ], and un-joining side with a switchable change device for the gas by which it is 
hydrogen generation equipment according to claim 1, and said hydrogen exhaust pipe is discharged from 
said partial oxidation mold reactor. 

[Claim 5] It is hydrogen generation equipment which is hydrogen generation equipment according to 
claim 4, and is equipped with the emission gas supply pipe which said hydrogen exhaust pipe can supply 
said hydrogen to the hydrogen pole of the fuel cell as a hydrogen consumption system, and supplies the 
emission gas of this hydrogen pole to said partial oxidation reactor. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the hydrogen from the predetermined raw material with which this invention 
contains hydrogen - it is related with the hydrogen generation equipment which generates rich gas. 
[0002] 

[Description of the Prior Art] In recent years, the fuel cell generated according to the electrochemical 
reaction of hydrogen and air attracts attention as an energy source. The hydrogen used as the fuel of a 
fuel cell is generated by refining of a predetermined raw material. Generally as a raw material of 
refining, the hydrocarbon of a gasoline and others, alcohol, the ether, an aldehyde, etc. are used. In order 
to produce a refining reaction, while making a raw material evaporate and making 250-300 degrees C 
heat, it is necessary to carry out temperature up of the catalyst even to hundreds of degrees C. With the 
refining vessel, conventionally, this heating up time was shortened and one technical problem has been 
carried out for improving starting nature. 

[0003] In a refining machine, a technique given [ for example, ] in JP,2000-191304,A is mentioned as a 
technique which improves starting nature. Drawing 4 is the explanatory view showing the outline 
configuration of the hydrogen generation equipment as a conventional technique. Equipment given in 
JP,2000-191304,A was shown typically. With this equipment, the catalyzed combustion machine 1 
generates the steam of the raw material with which the refining machine 6 is presented, and water. The 
catalyzed combustion machine 1 is equipped with the permeability catalyst 5, and is made to produce 
oxidation reaction of a raw material and air, i.e., catalyzed combustion, here. By the heat of catalyzed 
combustion, the water supplied separately and an excessive raw material are evaporated. A raw material, 
water, and air are supplied from sprayers 2 and 3 and the air supply opening 4, respectively. 
[0004] Moreover, there is a technique given in JP,7-335238,A as another technique. Here, the refining 
machine of the structure which carried out the laminating of the partial oxidation reaction section which 
is exothermic reaction, and the refining reaction section which performs steam reforming which is 
endothermic reaction is indicated. The reaction of the refining reaction section can be promoted with the 
heat of the partial oxidation reaction section. 
[0005] 

[Problem(s) to be Solved by the Invention] It is necessary to evaporate a raw material beforehand with a 
heat exchange machine with equipment given in JP,7-335238,A. It is known that evaporation of the raw 
material by the heat exchange machine will generally take time amount. For example, at the time of 
starting under the situation that the whole equipment serves as low temperature, in order to evaporate, 
there are 10 minutes - about 30 minutes of these cases. The time amount which evaporation takes also 
affects the responsibility over fluctuation of the hydrogen amount required. Therefore, starting nature 
and responsibility of JP,7-335238,A were inadequate. 

[0006] On the other hand, equipment given in JP,2000-191304,A has the description that starting nature 
and responsibility are comparatively high, by using the catalyzed combustion by the fuel spray of a raw 
material. However, since some raw materials were consumed by catalyzed combustion, without being 
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used for generation of hydrogen, the futility of a raw material arose and operation effectiveness was low. 
Moreover, while evaporating a raw material and water using the heat by catalyzed combustion, in order 
to perform steam reforming using this raw material and water, the technical problem were comparatively 
difficult also had control of the raw material for obtaining the demanded hydrogen, water, and an air 
content. 

[0007] This invention is made in order to solve these technical problems, and it aims at aiming at 
coexistence with improvement in the starting nature of hydrogen generation equipment, and 
responsibility, and improvement in operation effectiveness. Moreover, it aims at being stabilized in 
comparatively simple control and enabling supply of the demanded amount of hydrogen. 
[0008] 

[The means for solving a technical problem, and its operation and effectiveness] in order to solve a part 
of above-mentioned technical problem [ at least ] - refining of a predetermined raw material - 
hydrogen - the next configuration was applied in the hydrogen generation equipment which generates 
rich gas. First, hydrogen generation equipment is equipped with the partial oxidation reactor which 
generates hydrogen by the partial oxidation reaction of a raw material, and the sprayer which sprays a 
raw material on this partial oxidation reactor. The exothermic reaction to which a partial oxidation 
reaction generates air to a raw material, hydrogen, a carbon dioxide, and a carbon monoxide is said. 
Here, as a raw material, the hydrocarbon of a gasoline and others, alcohol, the ether, an aldehyde, etc. 
are mentioned, for example. It is desirable to support the catalyst suitable for this reaction in the partial 
oxidation reaction section. As this catalyst, base-metal system catalysts, such as noble-metals system 
catalysts, such as platinum and palladium, and copper-zinc, etc. are known. The partial oxidation 
reaction by the fuel spray of a raw material is a reaction which is excellent in starting nature and 
responsibility. 

[0009] Hydrogen generation equipment is equipped with the steam-reforming reactor which carries out 
steam reforming of some raw materials [ at least ], and generates hydrogen apart from this partial 
oxidation reactor. Steam reforming means the endothermic reaction which generates hydrogen, a carbon 
dioxide, and a carbon monoxide from a raw material and a steam. Hydrogen generation equipment is 
collectively equipped with the evaporation feed zone which evaporates a raw material and water and is 
supplied to a steam-reforming reactor with the heat produced with a partial oxidation reactor. Steam 
reforming is a reaction generable with a well head about a raw material to hydrogen. Moreover, an 
evaporation feed zone can evaporate a raw material efficiently using the heat produced at a partial 
oxidation reaction. A steam-reforming reactor may be constituted as the so-called autothermal type 
which uses together steam reforming and a partial oxidation reaction of a reactor. 
[0010] The hydrogen generation equipment of this invention is equipped with the hydrogen exhaust pipe 
which joins and discharges the hydrogen generated in both while it connects this partial oxidation 
reactor and a steam-reforming reactor to juxtaposition. By connecting a partial oxidation reactor and a 
steam-reforming reactor to juxtaposition, hydrogen is generable taking advantage of both advantage. 
That is, starting nature and responsibility can be secured with a partial oxidation reactor, and a well head 
can be secured with a steam-reforming reactor. Moreover, since both are arranged in parallel, according 
to the operational status of hydrogen generation equipment, the operational status of a partial oxidation 
reactor and a steam-reforming reactor can be adjusted flexibly. For example, when equipment is in non- 
standby, as a partial oxidation reaction is mainly performed, a steam-reforming reactor can be warmed 
up, generating hydrogen. After warming up of equipment is completed, a partial oxidation reaction can 
be performed in the range which can supply a heating value required for evaporation of a raw material, 
and hydrogen can be generated mainly by steam reforming. 

[001 1] In the hydrogen generation equipment of this invention, although the parallel connection of a 
partial oxidation reactor and a steam-reforming reactor can apply various structures, it can apply 
arrangement of the shape of a double pipe which makes one side as an inner tube and makes another 
side an outer tube among both, for example. While being able to use the heat of a partial oxidation 
reactor efficiently by carrying out like this, it becomes possible to attain the miniaturization of 
equipment. 
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[0012] With the hydrogen generation equipment of this invention, a carbon monoxide is generated in 
each of a partial oxidation reactor and a steam-reforming reactor. Therefore, it is desirable to prepare the 
carbon monoxide clarification section which reduces the concentration of a carbon monoxide in these 
downstream. The reactor which supported the catalyst which oxidizes a carbon monoxide selectively as 
the carbon monoxide clarification section, for example is applicable. Although this carbon monoxide 
clarification section is good also as what is prepared in the lower stream of a river of a partial oxidation 
reactor, and the lower stream of a river of a steam-reforming reactor according to an individual, it is 
desirable to consider as the configuration which reduces collectively the concentration of the carbon 
monoxide discharged from both sides. That is, the thing which share the carbon monoxide clarification 
section between a partial oxidation reactor and a steam-reforming reactor and to constitute is desirable. 
Generally the selective oxidation reaction of a carbon monoxide can improve the selectivity of a carbon 
monoxide by making a reaction rate late. In order to make a reaction rate late, securing the good 
throughput of a carbon monoxide, it is necessary to enlarge the volume of a reactor. The volume of the 
carbon monoxide clarification section can be secured without causing the configuration which shares the 
carbon monoxide clarification section between a partial oxidation reactor and a steam-reforming reactor, 
then enlargement of the whole equipment. 

[0013] As for a hydrogen exhaust pipe, in the hydrogen generation equipment of this invention, it is 
desirable to equip a unification [ with the gas from a steam-reforming reactor ] and un-joining side with 
a switchable change device for the gas discharged from a partial oxidation mold reactor. By changing a 
change device to an un-joining side, the configuration from which the partial oxidation mold reactor and 
the steam-reforming reactor were separated is realizable. With this configuration, since it is avoidable 
that exhaust air of a partial oxidation mold reactor mixes in the hydrogen generated with the steam- 
reforming reactor, in a partial oxidation mold reactor, the complete oxidation reaction which generates a 
carbon dioxide and water with a raw material and air can be produced. Since a complete oxidation 
reaction excels a partial oxidation reaction in energy efficiency, it can perform evaporation required for 
steam reforming from few raw materials. 

[0014] the hydrogen generation equipment of this invention - various hydrogen consumption systems - 
hydrogen - rich gas can be supplied. As this hydrogen consumption system, a fuel cell is mentioned, for 
example. When the hydrogen generation equipment of this invention supplies hydrogen to a fuel cell 
and it has an above-mentioned change device, it is desirable to have the emission gas supply pipe which 
supplies the emission gas of the hydrogen pole of a fuel cell to a partial oxidation reactor. In the 
emission gas of a hydrogen pole, the residual hydrogen which was not consumed with a fuel cell is 
contained. Evaporation required for steam reforming can be performed being able to burn hydrogen and 
controlling consumption of a raw material by supplying this hydrogen to a partial oxidation reactor. 
[0015] 

[Embodiment of the Invention] A. The 1st example : drawing 1 is the explanatory view showing the 
outline configuration of a fuel cell system equipped with the hydrogen generation equipment as the 1st 
example, the raw material with which the tank 40 was equipped with hydrogen generation equipment — 
reforming - hydrogen - rich gas is generated. The generated gas is supplied to the hydrogen pole 31 of 
a fuel cell 30. Air is supplied to the oxygen pole 32 of a fuel cell 30. A fuel cell 30 is generated 
according to the electrochemical reaction of the hydrogen supplied to two poles, and oxygen. 
[0016] Generally as a raw material used with hydrogen generation equipment, alcohol, such as a 
hydrocarbon of a gasoline and others and a methanol, the ether, an aldehyde, etc. are used. The mixed 
liquor of a methanol and water shall be used in this example. A raw material and water are not cared 
about as what is stored in another tank. 

[0017] Hydrogen generation equipment arranges in parallel the partial oxidation reactor 10 which 
generates hydrogen, and the autothermal reactor 20 which uses together steam reforming and a partial 
oxidation reaction, and generates hydrogen, and is mainly constituted by the partial oxidation reaction. 
Here, the exothermic reaction to which a partial oxidation reaction generates the gas which contains 
hydrogen and a carbon dioxide, and a carbon monoxide from a raw material and air is said. Steam 
reforming means the endothermic reaction which generates the gas which contains hydrogen and a 
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carbon N dioxide, and a carbon monoxide from a raw material and a steam. In the autothermal reactor 20, 
it is not necessary to carry out heating etc. from the exterior, and is the reactor which can promote a 
reaction by using together a partial oxidation reaction and a steam-reforming reaction so that heating- 
value income and outgo can be taken. It may replace with the autothermal reactor 20 and the reactor 
which makes a steam-reforming reaction cause may be used. 

[0018] The reaction in the partial oxidation reactor 10 is performed in the combustion section 13. The 
combustion section 13 is supporting the catalyst suitable for a partial oxidation reaction. As this catalyst, 
platinum, palladium, etc. can be used, for example. Although support of a catalyst can use various 
support, such as a honeycomb, it is desirable to use the metal support which can be energized especially. 
The temperature up of a catalyst can be helped by energizing to metal support at the time of low 
temperature. 

[0019] Supply of the raw material to the combustion section 13 is performed by the sprayer 11. The 
atomization room 12 is established in the upstream of the combustion section 13. A sprayer 1 1 sprays 
the raw material and water which were supplied through the feeding tubing 41 from the tank 40 to the 
atomization room 12. A sprayer 1 1 supplies air required for partial oxidation collectively. 
[0020] In the combustion section 13, although the partial oxidation reaction of a raw material mainly 
arises, the combustion reaction of the generated hydrogen, the combustion reaction of the generated 
carbon monoxide, the water gas shift reaction that generates a carbon dioxide and hydrogen from a 
carbon monoxide and a steam arise in parallel. When there are many air contents supplied from a 
sprayer 1 1, the complete oxidation reaction which generates water and a carbon dioxide arises from a 
raw material. In this example, an air content shall be controlled to extent which not a complete oxidation 
reaction but a partial oxidation reaction produces. At the reaction of the combustion section 13, about 
500-600-degree C gas is generated. 

[0021] The evaporation room 14 and CO clarification section 15 are formed in the downstream of the 
combustion section 13. CO clarification section 15 is a reactor for oxidizing selectively the carbon 
monoxide which carries out poisoning of the electrode of a fuel cell 30, and reducing the concentration. 
The catalyst suitable for this reaction is supported with CO clarification section 15 by support. For 
example, the structure where metal support was made to support metal catalysts, such as platinum and a 
ruthenium, is applicable. The airport 16 which introduces the air for oxidizing a carbon monoxide is 
established in CO clarification section 15. The gas by which the concentration of a carbon monoxide 
was reduced is supplied to a fuel cell 30 through the hydrogen supply pipe 44 from an exhaust port 17. 
In addition, although the selector valve 45 is formed into this path, about this function, it mentions later. 
[0022] Temperature control of the CO clarification section 15 is carried out to the range of 100-200 
degrees C. If reaction temperature is extremely high, since oxidation of hydrogen arises in addition to a 
carbon monoxide, it is not desirable. Conversely, if reaction temperature is extremely low, since activity 
falls and a reaction rate falls, it is not desirable. The reaction temperature of CO clarification section 15 
is controlled in consideration of these conditions to oxidize a carbon monoxide efficiently at a high rate. 
[0023] At this example, in order to realize above-mentioned reaction temperature about CO clarification 
section 15, the gas discharged from the combustion section 13 is cooled with the mixed liquor of a raw 
material and water. The raw material installation tubing 42 is formed in CO clarification section 15 and 
the evaporation room 14, and when a raw material and water pass through the inside of this tubing, the 
gas discharged from the combustion section 13 and CO clarification section 15 are cooled as illustrated. 
On the contrary, a raw material and water are evaporated inside the raw material installation tubing 42 
using these heat. The evaporation room 14 functions as a heat exchanger which evaporates a raw 
material etc. by the gas discharged from the combustion section 13. In addition, it is good also as a thing 
which makes the evaporation room 14 support the catalyst for reducing a carbon monoxide, for example, 
Pt, Pd, nickel, Co, Cu, Zn, etc. If it carries out like this, the load in CO clarification section 15 can be 
reduced. 

[0024] The raw material installation tubing 42 is connected to the autothermal reactor 20 through the 
electro-magnetic valve 43. As for the autothermal reactor 20, the refining machine 21 is formed in the 
upstream. The raw material and water which were evaporated with the raw material installation tubing 
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42 are supplied to this refining machine 21. On the other hand, the open air is also introduced into the 
refining machine 21 from an airport 23. 

[0025] The refining machine 21 is a reactor which produces steam reforming and a partial oxidation 
reaction in parallel, and the catalyst suitable for this reaction is supported. As a catalyst, base-metal 
system catalysts, such as noble-metals system catalysts, such as platinum and palladium, and copper- 
zinc, etc. are known. In order to be stabilized and to produce steam reforming, it is desirable that the 
above-mentioned temperature of the raw material and water which were evaporated is 200 degrees C or 
more. Therefore, an electro-magnetic valve 43 is controlled to be opened, when the temperature of a raw 
material etc. is detected and the temperature amounts to 200 degrees C. This control is good also as what 
uses the control circuit of dedication, and may be performed by software by CPU. 
[0026] The gas containing hydrogen and a carbon monoxide is generated by steam reforming and the 
partial oxidation reaction with the refining vessel 21. CO clarification section 22 is formed in the 
downstream of the refining machine 21. The configuration of CO clarification section 22 is the same as 
CO clarification section 15 with which the partial oxidation reactor 10 was equipped. In CO clarification 
section 22, the selective oxidation reaction of the carbon monoxide generated with the refining vessel 21 
is performed by the air introduced from the airport 24. In this way, the gas by which carbon monoxide 
concentration was reduced is supplied to a fuel cell 30 through the hydrogen supply pipe 44 from an 
exhaust port 25. 

[0027] Here, actuation of the selector valves 45 and 46 with which the system of this example is 
equipped is explained. A selector valve 45 can change the gas from the partial oxidation reactor 10 to an 
exhaust side the hydrogen supply pipe 44 side. A selector valve 46 can change the gas (it is hereafter 
called anode off-gas) discharged from the hydrogen pole 31 of a fuel cell 30 to an exhaust side and the 
off-gas supply pipe 47 side. When it changes to the off-gas supply pipe 47, anode off-gas can be 
supplied to the partial oxidation reactor 10. 

[0028] The case where hydrogen generation equipments, such as the time of starting, are low 
temperature comparatively is considered. In order that the partial oxidation reactor 10 may use the 
partial oxidation reaction as exothermic reaction, generation of hydrogen is immediately started by the 
fuel-spray initiation from a sprayer 1 1. On the other hand, in the autothermal reactor 20, it cannot fully 
react until warming up, such as a catalyst of the refining machine 21 and a raw material, is completed. In 
this condition, a selector valve 45 is changed to the hydrogen supply pipe 44 side, and a selector valve 
46 is changed to an exhaust side. By carrying out like this, the hydrogen generated with the partial 
oxidation reactor 10 can be supplied and generated to a fuel cell 30. 

[0029] The case where warming up of the autothermal reactor 20 is completed is considered. Rather 
than a partial oxidation reaction, steam reforming can use a raw material efficiently and it can generate 
hydrogen. Therefore, after the completion of warming-up changes the operational status of equipment so 
that the autothermal reactor 20 may mainly generate required hydrogen. It is desirable to evaporate a 
raw material and water, the partial oxidation reactor 10 holding down raw material consumption as 
much as possible at this time. Then, the air content supplied to the combustion section 13 is increased, 
and a complete oxidation reaction is produced. Generally, since the direction of a complete oxidation 
reaction has high thermal efficiency, it becomes possible [ covering a heating value required for 
evaporation from a little raw material ] from a partial oxidation reaction. At a complete oxidation 
reaction, since hydrogen is not generated, a selector valve 45 is changed to an exhaust side, and the gas 
after a reaction is exhausted. It combines with this, a selector valve 46 is changed to the off-gas supply 
pipe 47 side, and anode off-gas is supplied to the combustion section 13. Since the residual hydrogen 
which was not consumed with a fuel cell 30 is contained in anode off-gas, combustion of this residual 
hydrogen can be combined in the combustion section 13, and can be performed, and the consumption of 
a raw material can be controlled further. 

[0030] According to the hydrogen generation equipment of the 1st example explained above, operation 
in which both property was harnessed is realizable by forming the partial oxidation reactor 10 and the 
autothermal reactor 20 in juxtaposition. In the partial oxidation reactor 10, since hydrogen is generable 
immediately after starting the fiiel spray of a raw material also under the conditions at the time of 
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starting etc., the starting nature of hydrogen generation and responsibility can be improved. On the other 
hand, in the autothermal reactor 20, improvement in effectiveness of a reaction can be aimed at by steam 
reforming. Since both are prepared in juxtaposition, according to operational status, each reaction is 
controllable by the equipment of this example according to an individual. For example, at the time of 
un- warming up, the partial oxidation reactor 10 can mainly generate hydrogen, and after warming-up 
can control the reaction of each reactor so that the autothermal reactor 20 mainly generates hydrogen. 
[0031] The reaction of the partial oxidation reactor 10 can be changed in this example. That is, the 
partial oxidation reactor 10 can be made to be able to perform a partial oxidation reaction, and after 
warming-up can make a complete oxidation reaction perform at the time of un-warming up [ of the 
autothermal reactor 20 ]. By carrying out like this, it becomes possible to use a raw material more 
efficiently. Moreover, it becomes usable still more efficiently about a raw material by supply of the 
anode off-gas to the partial oxidation reactor 10. In addition, selector valves 45 and 46 and the off-gas 
supply pipe 47 are not configurations indispensable to the system of this example, and even if it omits, 
they do not interfere. When a selector valve 45 is omitted, the partial oxidation reactor 10 produces 
hydrogen at a partial oxidation reaction, and should just always supply the generated hydrogen to a fuel 
cell 30 from the hydrogen supply pipe 44. 

[0032] B. The 2nd example : drawing 2 is the explanatory view showing the outline configuration of the 
fuel cell system as the 2nd example. Since the element which attached the same number as the 1st 
example has the same configuration as the 1st example, it omits explanation. 
[0033] It is the same as the 1st example at the point that the combustion section 13 which performs a 
partial oxidation reaction, and refining machine 21 A which performs steam reforming and a partial 
oxidation reaction are arranged in parallel in reactor 10A of the 2nd example. Moreover, it is 
evaporation room 14A prepared in the lower stream of a river of the combustion section 13, and the 
point of performing evaporation of a raw material and water is the same as the 1st example. Evaporation 
room 14A and refining machine 21 A are different from the 1st example at the point connected to 
common CO clarification section 22 A with the 2nd example. Evaporation room 14A and refining 
machine 21 A will be the respectively same configurations as the evaporation room 14 in the 1st 
example, and the refining machine 21, if a connection place is removed. Hydrogen supply pipe 44A 
supplies the gas discharged from exhaust port 25A prepared in this CO clarification section 22A to the 
hydrogen pole 31 of a fuel cell 30. 

[0034] In CO clarification section 22 A, the carbon monoxide discharged from the both sides of the 
combustion section 13 and refining machine 21 A is selectively oxidized using the air introduced from an 
airport 24. CO clarification section 22A is supporting the catalyst suitable for a selective oxidation 
reaction like the 1st example. Moreover, the raw material installation tubing 42 has penetrated to CO 
clarification section 22A, and control of reaction temperature and evaporation of a raw material are 
performed to it. Since the volume of CO clarification section 22A is large, in consideration of the case 
where only the raw material installation tubing 42 cannot fully perform temperature control, it shall have 
a cooling pipe 26 separately in the 2nd example. In a cooling pipe 26, the reaction temperature of sink 
and CO clarification section 22A is controlled for different coolant from a raw material. Of course, with 
the raw material installation tubing 42, when sufficiently controllable, a cooling pipe 26 may be omitted 
for reaction temperature. 

[0035] According to the 2nd example, there is the same advantage as the 1st example in that the 
combustion section 13 and refining machine 21 A are prepared in juxtaposition. Moreover, there is the 
following advantage by having made CO clarification section 22A common to the combustion section 
13 and refining machine 21 A. The advantage which can perform warming up of CO clarification section 
22 A is in the 1st by operation of either the combustion section 13 and refining machine 21 A. For 
example, at the time of starting, by the elevated-temperature gas from the combustion section 13, since 
warming up of CO clarification section 22 A can be performed, refining machine 21 A can start operation 
promptly, when the temperature up of a raw material and water is completed. As compared with the 
configuration of the 1st example, the volume of CO clarification section 22 A to the discharge of a 
carbon monoxide can be enlarged the 2nd. Even when the reaction is mainly performed by either the 
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combustion section 13 and refining machine 21 A, the reactor of the large volume can perform the 
selective oxidation reaction of a carbon monoxide. Generally, at a selective oxidation reaction, the 
selectivity of a carbon monoxide improves and oxidation of hydrogen is controlled, so that a reaction 
rate is low. Since it can reduce a reaction rate, the reactor of the large volume securing the throughput of 
a carbon monoxide, it can control oxidation of hydrogen. 

[0036] C The 3rd example : drawing 3 is the explanatory view showing the configuration of hydrogen 
generation equipment 10B as the 3rd example. Hydrogen generation equipment 10B is the same 
configuration as the 2nd example and a basic target at the point of equipping juxtaposition with a partial 
oxidation reactor and an autothermal reactor, and having CO clarification section common to both. 
However, in the 3rd example, double pipe structure was taken and both miniaturization was attained. 
[0037] That is, in hydrogen generation equipment 10B, sprayer 11B, atomization room 12B, combustion 
section 13B, evaporation room 14B, CO clarification section 15B, and exhaust port 17B are prepared 
from the upstream, and if only this part is taken, it has the same composition as the partial oxidation 
reactor 10 in the 1st example. The catalyst suitable for each reaction is supported like the 1st example by 
combustion section 13B and CO clarification section 15B. 

[0038] In hydrogen generation equipment 10B, evaporation room 14B has double pipe structure, and the 
container liner is equipped with refining machine 2 IB. Refining machine 2 IB is a reactor which 
performs steam reforming and a partial oxidation reaction in parallel. Air required for a partial oxidation 
reaction is supplied from airport 23B. A raw material and water are supplied from raw material 
installation tubing 42B which passes CO clarification section 15B and evaporation room 14B. Raw 
material installation tubing 42B was taken as the arrangement which surrounds the perimeter of refining 
machine 2 IB spirally within evaporation room 14B. By this arrangement, the die length of raw material 
installation tubing 42B can be secured, and heat exchange can be performed efficiently. Raw material 
installation tubing 42B may pass evaporation room 14B in the shape of a straight line like the 1st 
example, the 2nd example, etc. On the contrary, the raw material installation halls 42 and 42 A may be 
made crooked in the 1st example, the 2nd example, etc. in the evaporation interior of a room. 
[0039] Both the gas which was generated by combustion section 13B and passed evaporation room 14B, 
and the gas generated by refining machine 2 IB are supplied to CO clarification section 15B, and 
selective oxidation of a carbon monoxide is performed. 

[0040] Fundamentally, since the 3rd example is the same configuration as the 2nd example, it can 
acquire the same effectiveness as the 2nd example. With the equipment of the 3rd example, the 
miniaturization of equipment can be attained by applying double pipe structure. Moreover, refining 
machine 2 IB can be warmed up by the elevated-temperature gas of combustion section 13B, and there is 
an advantage which can improve the starting nature of equipment and responsibility further. 
[0041] In the 3rd example, it is good also as what makes CO clarification section 15B double pipe 
structure, and purifies the carbon monoxide in the gas of combustion section 13B and refining machine 
2 IB according to an individual. Although evaporation room 14B of a partial oxidation reactor has been 
arranged on the outside of the refining machine 21 in the 3rd example, it is good also as arrangement of 
reverse. 

[0042] As mentioned above, although the various examples of this invention were explained, it cannot 
be overemphasized that configurations various in the range which this invention is not limited to these 
examples and does not deviate from the meaning can be taken. 



[Translation done.] 
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